and Smits, 1994). Ultimately both are the result of differences in autonomic regulation, 7 one directly and the other mediated indirectly via autonomic control of cardiac output.
8
We suggest that differences in Q pul and Q sys are not sufficient to define direct autonomic 
8 9
Physical characteristics of systemic and pulmonary circuits 2 0
The heart ejects a volume of blood per unit time, and the pressure initially circuit also influences the diameter, hence the conductance, of each vascular circuit.
8
There is no a priori reason to expect that pulmonary and systemic conductances are 2 9 equal; therefore, it is unlikely that Q pul and Q sys should be equal (i.e. no net cardiac shunt) 3 0 under most conditions. In fact, equal Q pul and Q sys is likely an unusual situation for treatment produced a condition in which Q pul was equal to Q sys (i.e. no net cardiac shunt).
0
Indeed, the net cardiac shunt was significantly correlated with total cardiac output (Q tot )
1
suggesting there were larger increases in Q pul relative to Q sys over a large range of activity relative to Q sys ( Fig. 1b ; Table I ) with changes in Q tot , which is statistically identical to proportionally larger increases in pulmonary conductance relative to systemic 1 8
conductance with increased pressure.
9
Andersen et al. (2003) described the effects of decreased arterial PO 2 and 2 0 isovolumetric anemia on Q pul and Q sys in resting R. marina. These treatments also 2 1 changed Q tot , and when the combined data are plotted with variation in Q tot , Q pul increases 2 2 approximately 3 times faster than Q sys (Fig. 1c) . In only one of ten treatment groups was 2 3
Q pul equal to Q sys . These results are also consistent with the net cardiac shunts being 2 4
predicted by the passive mechanical effects of cardiac output effects on pressure and 2 5
conductance rather than variation in flows determined by direct autonomic regulation of 2 6
the net cardiac shunt.
7
Finally, Gamperl et al. (1999) report Q pul and Q sys for conscious, resting toads 2 8
exposed to hypoxia and hypercapnia at two temperatures (15°C and 25°C) and after 2 9
eliminating cholinergic tone on the vasculature with atropine. Pulmonary and systemic 3 0 flow rates were equivalent in only two of seven treatments. Again, when these data are 
1

6
In all three studies the changes in blood flow distribution were interpreted as 7 being the result of direct autonomic regulation altering the outflow conductances. The 8 slopes of the three studies relating Q pul or Q sys to cardiac output were identical (Table I Burggren, 1984; West and Smits, 1994). In the present analysis, it is clear that examining 2 7
blood flow over a large range is necessary to observe the 3:1 ratio for Q pul and Q sys with 2 8
respect to Q tot , and variation around the mean slopes is apparent. In statistical terms, the 2 9
variation in Q pul and Q sys that is explained by Q tot (i.e. r 2 ) is not equal (Table I) were done with Prism v. 5.0 (GraphPad Software, Inc., La Jolla, CA).
5 6
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